The crop residue and Zn addition impacts on above ground biomass yield, Zn uptake and physical properties, viz. mean weight diameter (MWD) of water stable aggregates, bulk density (BD) and water holding capacity 
Introduction
Rice-wheat cropping system is a widely adopted cropping system in north India. This cropping system covers about 24.0 mha in China, India, Pakistan, Nepal and Bangladesh, and zinc (Zn) deficiency is wide spread in rice-wheat belts of all these countries (Shivay, 2008) . The wide scale adoption of this cropping system has increased the agricultural production, but this intensive system over a period of time and nature of crops has set both declining yield trend and deterioration in soil productivity even with optimum use of fertilizers. Hence, for restoration of soil fertility and higher production, there is an urgent need to look forward for another option like, crop residue incorporation in soil.
During last three decades, mineral fertilizers are playing a dominant role in rice based cropping systems.
But the doses of fertilizers may be substituted by the incorporation of crop residues in soils. Incorporation of crop residue alters the soil environment, improves the physical properties of soil and influences the microbial population in soil. Land is a shrinking resource for agriculture. The area under agriculture is decreasing and population is increasing day-by-day.
Therefore, we will have to produce more with lesser land. We need to produce 50 million tons (Mt) of additional food grains to feed the increasing population in ensuing ten years. The increasing cost of labourers and their decreasing numbers have led to increased use of combine harvesters, especially in the ricewheat cropping system. Due to machine harvesting, a large amount of residue is left in the field which requires proper management like, its incorporation in soil that provides long term good environment for the soil health. Widespread occurrence of Zn deficiency in soil has been reported in many parts of our country, particularly where high yielding fertilizer responsive crops are being grown intensively.
The calcareous soils of Bihar, occupying a sizeable area, are deficient in Zn to the extent of 80% of tested soil samples, and symptoms of Zn deficiency are frequently observed in many crops (Sakal and Singh, 1979) . Zinc is a vital micronutrient for all the plants involved in a wide array of metabolic processes like, carbohydrate, lipid, protein and nucleic acid synthesis and degradation (Sirohi et al., 2015) . Major crops affected by zinc deficiency include wheat, rice, maize, cotton and citrus (Rashid and Ryan, 2008) . Zinc deficiency is significantly encountered in plants growing in calcareous and sodic soils due to the formation of insoluble zinc carbonate which decreases the availability of this metal (Sirohi et al., 2015) . Application of Zn fertilizer is essential for realizing desirable levels of yield in different crops. For these reasons, application of Zn fertilizer to various crops has become a common practice during the past 2-3 decades. Longterm application of Zn and crop residues increased the organic matter content of soil. The combined use of Zn and crop residues significantly increased crop yield, micronutrient uptake and availability of micronutrients in soils over mineral fertilizer alone (Prasad, 2009) . The multiple regression analysis of plant parameters with physical properties of soil was carried out to explain the variations in plant parameters, i.e. grain yield of rice and wheat and Zn uptake by rice and wheat as influenced by physical properties of soil, viz. bulk density, water holding capacity and mean weight diameter of water stable aggregates.
Organic residue recycling is increasing and becoming an important aspect of environmentally sound sustainable agriculture and organic materials hold a great promise due to their local availability as a source of multiple nutrients and ability to improve soil physical characteristics. Thus, quantification of crop residue with respect to Zn nutrition under rice-wheat cropping system seems to be important in these soils. Thus, the hypothesis of this experiment was that different levels of Zn and crop residue incorporation (alone and/ or in combination) improve soil physical properties and crop productivity in the calcareous soil of eastern Indo-Gangetic Plains.
Material and Methods
A field experiment was conducted during 2010-11 and 2011-12 mg/kg. Four levels of crop residues, viz. no crop residue (CR0), 25% of straw produced (CR25), 50% of straw produced (CR50) and 100% of straw produced (CR100) were applied as treatment in main plots. The treatments were given to each crop during every year.
The main plot was divided into 4 sub-plots in which treatments, viz. no Zn (Zn0), 2.5 kg Zn/ha (Zn2.5), 5.0 kg Zn/ha (Zn5.0) and 10 kg Zn/ha (Zn10.0) were superimposed over crop residues levels. These four levels of Zn were applied only to first crop as a starter The crop residue in terms of straw production in respective treatment plots was added after the harvest of rice and wheat crop. The crop was allowed to grow till maturity to record grain and straw yields. The plant samples (grain and straw) from rice and wheat plots were collected, processed and washed sequentially in detergent solution (0.2% liquid), 0.01 N HCl solution and deionized water, and dried in oven at 700C.
Finely grained sample were digested in a di-acid mixture (HNO 3 : HClO 4 : 3: 1 V/V) and the diluted and digested samples were analyzed for micronutrient (Zn) using atomic absorption spectrophotometer. The micronutrient uptake by rice and wheat crops in grain and straw was computed. The WHC and BD of the post-harvest soil were determined by Kin box method (Jackson, 1978) and MWD of water stable aggregates was determined following Yoder (1936) .
The data of two years were analyzed statistically at a significance level of P < 0.05 through Statistical
Analysis System (SAS) version 9.3 (32) by using one-way ANOVA (analysis of variance) to determine the least significant difference, and the differences in means were evaluated by Tukey's test to separate the treatment means and to compare the results.
Results

Pooled yield of 33 rd and 35 th rice crops
The residual effects of graded levels of residual starter Table 1 . Effect of residual zinc and crop residue levels on grain and straw yield (t/ha) of rice.
Data were subjected to one-way ANOVA analysis and differences among treatments were determined by Tukey's test. Different letters mean statistical differences at p < 0.05.
Pooled yield of 34 th and 36 th wheat crops
The residual effects of graded levels of residual starter Zn, continuous incorporation of graded levels of crop residues of previous crop (rice) on grain and straw yield of wheat (34 th and 36 th crops) and their interaction under rice-wheat cropping system were statistically significant ( Table 2 . Effect of residual starter zinc and crop residue incorporation on grain and straw yield (t/ha) of wheat.
Data were subjected to one-way ANOVA analysis and differences among treatments were determined by Tukey's test. Different letters mean statistical differences at p < 0.05. Figure 1 ). The levels of Zn and crop residues and crop clearly showed that MWD varied significantly both due to crop residues and residual starter Zn treatments (Table 4 ). The MWD measured after harvest of wheat crop varied from 2.80-3.88 mm in crop residue treatments. Increasing levels of Zn significantly influenced the MWD from 3.29-3.42 mm.
Journal of Soil
Bulk Density (BD)
The BD of post-harvest soil after wheat crop (18 th rotation) as influenced by different treatments of crop residues and residual starter Zn significantly and favourably decreased from 1.43-1.25 mg/m 3 ( Table   4 ). The BD due to application of increasing residual starter Zn and crop residue incorporation varied from 1.37-1.34 and 1.42-1.27 mg/m 3 . Thus, BD decreased significantly with increasing levels of residual starter
Zn from 0-2.5 kg/ha as well as due to levels of crop residue incorporation from 0-100%. Data were subjected to one-way ANOVA analysis and differences among treatments were determined by Tukey's test. Different letters mean statistical differences at p < 0.05.
Water Holding Capacity (WHC)
Long term effect of graded doses of residual starter Zn and crop residues either alone or in combination on WHC of the soil (Table 4) 
Correlation studies between different soil physical properties and plant parameters
The correlation coefficients among different plant parameters (pooled of two years), viz. grain yield of rice (GYR) and wheat (GYW), total Zn uptake by rice (ZnUR) and wheat (ZnUW) and soil physical properties, viz. BD, WHC and MWD computed (Table 5) showed that BD was highly significantly and negatively correlated with all the plant parameters, whereas WHC and MWD were highly significantly and positively correlated with all the plant parameters indicating their synergistic relationship, except the correlation between MWD and zinc uptake by wheat which was observed as highly significant and negative. Step down multiple regression analysis of plant parameters with physical properties of soil was carried out to explain the variations in grain yield of rice (Y1) and wheat (Y2) and zinc uptake by rice (Y3) and wheat (Y4) as influenced by physical properties of soil, viz. BD, WHC and MWD of water stable aggregates (Table 6 ). The least important soil physical factor was discarded step-by-step on the basis of 't' value in previous equation. The regression equation explained 83.9% variations in grain yield of rice due to combined effect of soil physical properties like, BD, WHC and MWD. However, the individual effects of all the independent variables were observed to be non-significant. Elimination of least important factors one-by-one decreased the prediction value from 83.9
to 83.5% and the effect of BD was found significant.
Further, deletion of MWD from the regression equation increased the prediction value to the extent of 0.7 %; the BD was found significant and considered dominant factor with regard to grain yield of rice. Standard regression coefficients (given in parentheses in Table 6 ) indicated the relative importance of X-factors within the regression equation to explain the variation in Y-factor. In the present investigation, equation 'b' was more appropriate. The change in bulk density was relatively more important than MWD in explaining the variation in grain yield of rice. Table 6 .
Step down multiple regression analysis of plant parameters with physical properties of soil. As high as 86.7% variation in Zn uptake by wheat could be explained through the variations in soil physical parameters (BD, WHC and MWD), among which the variation through BD was 85.9% in total
Zn uptake down by difference of 0.8% variation over previous equations.
Discussion
Grain and straw yields of rice increased significantly with increasing levels of crop residues from 3.50-4.26
and 5.92-6.82 t/ha, respectively. The increases in grain and straw yields were significant between 0 and 50%, and 25 and 100% crop residue levels. The increase in grain and straw yields of rice due to increase in levels of crop residues incorporation might be due to the addition of nutrients through crop residue incorporation or increase in availability of nutrients by complexing properties of crop residues. In plots receiving no crop residues, the yields of rice grain at different levels of starter Zn application (except first and second) were found at par which indicated that residual effects of Zn application were very low which increased the yield but not up to the significant level. Grain and straw yields at first and third level, and second and forth levels either of Zn or crop residues incorporation were found significant which indicated that there was an interaction of residual effect of Zn and incorporation of crop residues on grain and straw yields of rice (Prasad et al., 2010; Rathod et al., 2012) .
The grain and straw yields of wheat increased sig- (Table 2) . Similarly, grain and straw yields of wheat increased significantly with increasing levels of crop residues from 3.37-4.19 t/ha and 4.96-6.18 t/ ha, respectively. The retention of crop residues significantly enhanced the wheat grain and straw yield (Mohammad et al., 2012) . The interaction of crop residue and Zn of pooled data were observed to be significant (Prasad et al., 2010; Rathod et al., 2012) .
The significant increase in Zn uptake by rice crop might be due to the addition of Zn by previous crop residues of wheat (32 nd and 34 th crops). Such increase in Zn uptake by rice crop might be due to better utilization of applied as well as native Zn. Crop residues incorporation or decomposition might have increased the Zn use-efficiency of applied Zn and might have partly dissolved the comparatively insoluble form of Zn by the decomposition products of organic matter (Prasad et al., 2009) . The interaction effect of Zn and crop residue was found non-significant. The crop residues after decomposition produced several organic compounds, including humic and fulvic acids and polysaccharides which form stable complexes with native zinc. These zinc complexes increased solubility and availability of zinc to wheat crop (Prasad et al., 2010) .
Data on MWD of post-harvest soil of wheat (36 th) crop clearly showed that MWD varied significantly both due to crop residues and residual starter Zn treatments.
Increasing levels of Zn significantly influenced the MWD from 3.29-3.42 mm. These data clearly showed significant improvement in soil aggregation with addition of crop residue suggesting direct influence of crop residue on soil aggregation (Bandyopadhyay et al., 2010; Neelam et al., 2010; Wang et al., 2012) . The stability and durability of soil pore structures depend on the degree of aggregation and these pore structures govern retention and movement of water, diffusion of gases, growth and development of roots in the soil. The greater influence of crop residue on MWD may be due to the result of enrichment of organic matter content, as evidenced by higher organic carbon content, which acted as a binding agent for soil properties (Ghildyal and Gupta, 1991) .
The BD of post-harvest soil significantly decreased after wheat crop (18 th rotation). Reduction in BD might be due to the reason that the treatments receiving crop residue maintained higher organic carbon content which resulted in better aggregation and porosity. Similarly, addition of Zn in sub-plot treatments improved organic carbon content as compared to control and improved aggregation and porosity of the soil (Pandey, 2012) . Long term effect of graded doses of residual with WHC of the soil showed increase in WHC. Increase in WHC of soil may be explained in the light of the fact that increasing Zn levels and crop residues result in the proliferation of roots which added more organic matter to the soil (Walia et al., 2010; Prasad et al., 2010) . The correlation coefficients among different plant parameters revealed that increase in status of Zn and organic carbon as a result of continuous crop residue incorporation alone or along with starter dose of Zn got reflected in the increased yield of crops. This suggested that incorporation of crop residue not only increased the crop yield and Zn utilization by crops but also maintained the soil health leading to sustainable crop production (Kumari, 2003; Kumar, 2006) .
Conclusions
To date limited information is available on crop residue and zinc (Zn) addition impacts on crop productivity, Zn uptake and soil physical properties, especially under highly calcareous and Zn deficient soils. 
